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TEST CIRCUIT AND TEST METHOD OF 
INTEGRATED SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a test circuit and test 
method of an integrated semiconductor device. In particular, 
it relates to an improved test circuit and test method of an 
integrated semiconductor device for judging whether or not 
the integrated semiconductor device under test is normal. 

In recent years, although advancing semiconductor tech 
nology has permitted higher integration and increasing min 
iaturization of large-capacity memories, testing of these 
memories with an improved ef?ciency in a shorter period of 
time has become a large problem. On the other hand, there 
have also been manufactured a large number of chips 
provided with embedded memories, such as a microproces 
sor and DSP. However, testing of these internal memories 
has also become a large problem, because it is di?icult to test 
the internal memories by using only external terminals. 
To solve the foregoing problems, there has conventionally 

been proposed a test method whereby a test circuit of an 
integrated semiconductor device is mounted on a chip so as 
to perform an automatic test. According to the method 
proposed, the automatic test is performed each time the 
power source is turned on. In each use. the result of the 
automatic test noti?es the user whether the chip is normal or 
not, so that its maintenance and reliability in the market are 
improved advantageously. 

There has also been proposed another automatic test 
method, which is a kind of compact test technique. The 
method uses a linear feedback shift register (hereinafter 
referred to as LFSR) in order to compress sequential outputs 
from an integrated semiconductor device such as a memory. 
Brie?y, the LFSR comprises: a plurality of registers; a 
plurality of 2-input exclusive-OR gates placed in the stages 
previous to the above respective registers; and a feedback 
information generating means for generating feedback infor 
mation ?om the output from the register in the ?nal stage 
and from the output from the resister in a specified middle 
stage. Below, a description will be given to the automatic 
test method using the LFSR. 

Initially, sequential sets of data are read from a memory 
such as a ROM, RAM, or PLA and inputted to a parallel 
input LFSR so that the inputted information is compressed 
by the parallel-input LFSR, thereby obtaining the com 
pressed value (signature) of sequential outputs from the 
parallel-input LFSR. 

Subsequently, the signature obtained using the parallel 
input LFSR is compared with expected signature inside the 
chip so as to judge whether or not the sequential outputs are 
proper. Alternatively, the obtained signature is scanned out 
by means of a scan path so that it is compared with the 
expected signature outside the chip, thereby judging whether 
or not the sequential outputs are proper and hence judging 
whether or not the memory under test is normal. 
As disclosed in “Design and Test of the 80386” by Patrick 

P. Gelsinger (IEEE, Design & Test of Compt. vol. 4 no. 3, 
pp. 42-50 June 1987), e.g., the above method for judging 
whether or not the data is proper inside the chip can be 
implemented by inputting to an ALU the obtained signature 
and the expected signature that has been previously stored 
and storing the result of the exclusive-OR operation, which 
was carried out by the ALU, in a diagnostic register. In this 
case, if there is a match between the obtained signature and 
the expected signature, i.e., if the memory is normal, a zero 
is stored in the diagnostic register. If there is no match 
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2 
therebetween, i.e., if the memory is not nonnal. a value other 
than zero is stored in the diagnostic register. 

However, the foregoing test circuit and test method of an 
integrated semiconductor device are unsatisfactory in terms 
of comparing the obtained signature with the expected 
signature inside the chip and judging whether or not the 
sequential outputs from a memory or an internal functional 
block are proper, because the following requirements are 
placed thereon: 
(1) In addition to the parallel-input LFSR, a comparing 
means for comparing the compressed value of the sequen 
tial outputs with the expected signature is needed 

(2) If an ALU is used as the above comparing means, it 
becomes necessary to provide a storing means for previ 
ously storing the expected signature as well as to connect 
the parallel-input LFSR to the above ALU via a data bus. 
Consequently, a layout restriction occurs if a compact 
arrangement is to be obtained. 

(3) If the foregoing con?guration is adopted, the number of 
blocks to be controlled, such as the above comparing 
means and storing means, is increased so that complicated 
control using a microprogram becomes necessary. 
The test circuit and test method of an integrated semi 

conductor device are also unsatisfactory in terms of com 
paring the obtained signature with the expected signature 
outside the chip and judging whether or not the sequential 
outputs from the memory are proper, because the following 
requirements, which render the test circuit and method of an 
integrated semiconductor device intricate and in?exible, are 
placed thereon: 
(4) Although the expected signature for the chip to be tested 

is needed outside the chip, the user who cannot know the 
expected signature cannot use the test originally provided 
in the chip. 

(5) Even if chips that are functionally identical are to be 
tested, it becomes necessary to prepare and control their 
respective expected signature, depending on the types of 
data written in their internal ROM or RAM, so that the 
data is compared with the corresponding expected signa 
ture. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a test 
circuit and test method of an integrated semiconductor 
device using a parallel-input LFSR which receives and 
compresses parallel data, wherein a compressed signature 
obtained through compression is compared with an expected 
signature inside the chip, so that the integrated semiconduc 
tor device can be tested under simple control without 
necessitating the provision of a comparing means. 
To attain the above object, the test circuit and test method 

of an integrated circuit of the present invention are consti 
tuted so that comparators originally provided in the test 
circuit, such as 2-input exclusive OR gates of the parallel 
input LFSR, are used to compare the compressed signature 
obtained through compression by the parallel-input LFSR 
with the expected signature. 

That is. a test circuit of an integrated semiconductor 
device of the present invention uses a compact test circuit 
which receives sequential sets of parallel data from the 
integrated semiconductor device and compresses the above 
inputted sequential sets of parallel data. and comprises: an 
expected compressed value storing means for storing an 
expected compressed value; a calculating circuit originally 
provided in the above test circuit; and an information 
collecting means for supplying, to the calculating circuit, a 
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compressed value obtained through compression by the 
above compact test circuit and the expected compressed 
value stored in the above expected compressed value storing 
means, wherein the above calculating circuit originally 
provided in the test circuit also functions as a comparing 
means for comparing the above obtained compressed value 
with the expected compressed value. 

Moreover, in the present invention, the above compact 
test circuit is composed of a parallel-input linear feedback 
shift register. 

Furthermore, in the above test circuit of an integrated 
semiconductor device of the present invention, the parallel 
input linear feedback shift register comprises: a plurality of 
registers; a plurality of 2-input exclusive-OR gates placed in 
the stages previous to the above respective registers; and a 
feedback information generating means for generating feed 
back information from the output from the register in the 
?nal stage and from the output from the register in a 
speci?ed middle stage, each of the above registers receiving 
the output from the 2-input exclusive-OR gate in its previous 
stage, the ?rst input of each of the 2-input exclusive-OR 
gates except the 2-input exclusive-OR gate placed in the 
stage previous to the register in the ?rst stage being supplied 
with the output from the register in its previous stage, the 
?rst input of the 2-input exclusive-OR gate placed in the 
stage previous to the register in the ?rst stage being supplied 
with the output from the above feedback information select 
ing means, the calculating circuit originally provided in the 
test circuit is composed of the plurality of 2-input exclusive 
OR gates provided in the above parallel-input linear feed 
back shift register, the inforrnation collecting means consists 
of: a feedback information selecting means for selecting, 
based on a control signal, eitherof the output from the 
feedback information generating means and the output from 
the register in the ?nal stage of the above parallel-input 
linear feedback shift register; and an input selecting means 
for selecting, based on the control signal, either of the 
parallel data and the expected compressed value stored in 
the expected compressed value storing means as data to be 
supplied to the second input of each of the registers of the 
above parallel-input linear feedback shift register. 
On the other hand, a test method of an integrated semi 

conductor device of the present invention comprises the 
steps of: repeatedly compressing sequential sets of parallel 
data by reading sequential sets of data from the integrated 
semiconductor device in accordance with the same sequen 
tial addresses as supplied in generating an expected com 
pressed value that has previously been obtained, while 
inputting the sequential sets of read data in parallel to the 
individual registers of a parallel-input linear feedback shift 
register, and shifting the sets of inputted data, so that the 
outputs from the individual registers at the time of com 
pressing the ?nal set of parallel data are obtained as the 
compressed value of the parallel data; then supplying the 
?rst input of a 2-input exclusive-OR gate placed in the stage 
previous to the register in the ?rst stage with the output from 
the register in the ?nal stage and supplying the ?rst inputs of 
2-input exclusive-OR gates placed in the stages previous to 
the respective registers except the register in the ?rst stage 
with the outputs from the registers in their respective pre 
vious stages; inputting the expected compressed value to the 
second input of each of the 2-input exclusive-OR gates of 
the above parallel-input linear feedback shift register; and 
comparing the compressed value of the parallel data with the 
expected compressed value bit by bit correspondingly at the 
2-input exclusive-OR gates and judging, based on the result 
of comparison, whether or not the integrated semiconductor 
device under test is normal. 
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4 
In addition, in the above test method of an integrated 

semiconductor device of the present invention, while repeat 
edly compressing the sequential sets of data from the 
integrated semiconductor device by means of the parallel 
input linear feedback shift register, each time the sequential 
sets of data are compressed, middle compression informa 
tion consisting of the output from any one of the registers 
except the register in the ?nal stage of the above parallel 
input linear feedback shift register and of feedback infor 
mation is stored or inputted, via a data bus, as test data for 
the integrated semiconductor device connected to the data 
bus. 

In the test circuit and test method of an integrated semi 
conductor device thus constituted, sequential sets of data 
read or outputted ?om the integrated semiconductor device 
in the same order that the expected value (expected 
signature) was obtained are inputted as parallel data to the 
parallel-input LFSR. By shifting the parallel data inputted to 
the above parallel-data LFSR in synchronization with the 
clock, the compressed value of the sequential outputs is 
continually renewed in the registers of the parallel-input 
LFSR. At the time when all the sets of data are read and their 
repeated compression is completed, a desired compressed 
value (signature) is obtained in which the sequential outputs 
of data from the integrated semiconductor device are com 
pressed. 
To compare the above obtained signature with the 

expected signature, the two signatures are supplied to the 
calculating circuits originally provided in the test circuit. For 
example, the ?rst input of the 2-input exclusive-OR circuit 
placed in the stage previous to the ?rst-stage register of the 
parallel-input LFSR is supplied with the output from the 
?nal-stage register, while the ?rst inputs of the 2-input 
exclusive-OR gates placed in the stages previous to the 
respective registers, except the ?rst-stage register, are sup 
plied with the outputs from the registers placed in their 
respective previous stages. On the other hand, the expected 
signature is inputted to the second input of each of the above 
2-input exclusive-OR gates. 

In this manner, since the compressed signature consisting 
of the outputs from all the registers is compared with the 
expected signature for comparison at the 2-input exclusive 
OR gates of the parallel-input LFSR bit by bit 
correspondingly, the result of comparison is stored in the 
registers by performing shifting operation. 
As a result, a match or mismatch between the compressed 

signature and the expected signature for comparison can be 
detected from the result of comparison stored in the 
registers, thereby judging whether or not the integrated 
semiconductor device (memory or internal functional block) 
is normal. 

Hence, the comparison between the compressed signature 
and the expected signature can be performed by a calculat 
ing circuit originally provided in the test circuit, e.g., the 
same parallel-input LFSR used in data compression, thereby 
judging whether or not the integrated semiconductor device 
is normal. 

In the test method of an integrated semiconductor device 
of the present invention, while testing the integrated semi 
conductor device by using the parallel-input LFSR, middle 
compression information from the parallel-input LFSR, i.e., 
the output from any register except the ?nal-stage register 
and feedback information is stored, via a data bus, as test 
data in another integrated semiconductor device connected 
to the data bus (di?’erent from the above integrated semi 
conductor device under test), in parallel with the test Hence, 
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it is not necessary to connect, to the data bus, a data 
generating means for generating test data so that it is stored 
in the integrated semiconductor device. As a result, the data 
generating means and the cycle of storing the test data in the 
integrated semiconductor device are not required any more. 

The above objects and novel features of the present 
invention will be more apparent from the reading of the 
following description in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings show the preferred embodi 
ments of the present invention. in which: 

FIG. 1 is a schematic diagram showing the overall struc 
ture of a test circuit of an integrated semiconductor device 
in a ?rst embodiment of the present invention; 

FIG. 2 is a view showing the structure of a speci?c test 
circuit of an integrated semiconductor device using a 
parallel-input LFSR in the ?rst embodiment; 

FIG. 3 is a timing chart illustrating the comparison 
between the compressed value of data and an expected 
signature in the ?rst embodiment; 
FIG. 4 is a view showing the structure of a speci?c test 

circuit of an integrated semiconductor device in a second 
embodiment of the present invention; 

FIG. 5 is a view showing the structure of a speci?c test 
circuit of an integrated semiconductor device in a third 
embodiment of the present invention; 

FIG. 6 is a timing chart illustrating the comparison 
between the compressed value of data and the expected 
signature in the third embodiment; and 

FIG. 7 is view showing the structure of a speci?c test 
circuit of an integrated semiconductor device in a fourth 
embodiment of the present invention. 

DEI‘AHJED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Below, the preferred embodiments of the present inven 
tion will be described with reference to the accompanying 
drawings, in which like numerals used in the following 
description designate like components throughout the draw 
rngs. 

First Embodiment 

FIG. 1 is a view showing the overall structure of a test 
circuit of an integrated semiconductor device in a ?rst 
embodiment of the present invention. 

In FIG. 1, a reference numeral 1 designates a parallel 
input linear feedback shift register (hereinafter referred to as 
parallel-input LFSR) as a compact test circuit, 2 designates 
an expected signature storage register as an expected com 
pressed value storing means for outputting an expected 
signature 21, and 3 designates a register for storing read 
data. 
The above parallel-input LFSR 1 receives: the expected 

signature 21 outputted from the above expected signature 
storage register 2; read data 31 outputted from the register 3 
for storing read data; a test control signal (control signal) 12 
outputted from a control circuit 10; and a clock signal 13 and 
produces outputs 11 from four 2-input exclusive-OR gates 
XOR1 to XOR4 internally provided therein, which will be 
described later. 
A reference numeral 4 designates a memory array. An 

address 61 supplied via an address input 62 and stored in an 
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6 
address register 6 is decoded by an address decoder S so that 
the content of a word corresponding to a word line outputted 
from the address decoder 5 is read as read data 41. The read 
data 41 is stored in the register 3 for storing read data and 
outputted as the read data 31 to the parallel-input LFSR 1. 

Areference numeral 7 designates a diagnostic register for 
receiving: outputs 11 from the 2-input exclusive-OR gates, 
which will be described later; the test control signal 12; and 
the clock signal 18 and outputs its content to an output 71. 

A reference numeral 8 designates a normal/abnormal 
judging circuit for receiving the output 11 from each of the 
2-input exclusive-OR gates, which will be described later, 
judging whether or not the chip is normal, and outputting a 
judgment result 81. The entire circuit structure of FIG. 1 
mentioned above is mounted on a single chip. 

FIG. 2 is a view showing the structure of a speci?c test 
circuit for comparing compressed signature obtained 
through compression by the above parallel-input LFSR 1 
with the expected signature stored in the above expected 
signature storage register 2 and judging whether or not the 
obtained compressed signature is proper. 

In the drawing. the parallel-input LFSR 1 is composed of 
a 4-bit parallel-input LFSR comprising: four registers S1 to 
S4; the four Z-input exclusive-OR gates XOR1, XOR2, 
XOR3, and XOR4 placed in the stages previous to the 
respective registers S1 to S4; and a 2-input exclusive-OR 
gate XORO for receiving the output from the above register 
S4 in the ?nal stage and the output from the register in a 
speci?ed middle register (register S3 in the case of fourth 
order). The four 2-input exclusive-OR logic gates XOR1 to 
XOR4 of the above parallel-input LFSR 1 are composed of 
calculating circuits originally provided in the test circuit of 
the present embodiment. The output from the above 2-input 
exclusive-OR gate XORO serves as feedback information to 
the register S1 in the ?rst stage. The 2-input exclusive-OR 
gate XORO constitutes a feedback information generating 
means. 

The above parallel-input LFSR 1 is for implementing the 
following fourth-order primitive polynomial equation and 
obtaining the result. 

In the above parallel-input LFSR 1, data is shifted from 
left to right In synchronization with the clock signal. 
Hereinafter, the leftmost register S1 is tenned the ?rst-stage 
register, while the rightmost register S4 is termed the ?nal 
stage register. 
The read data 31 (I1, 12, 13, I4) from the memory array 4, 

which is inputted to the parallel-input LFSR 1, or the 
expected signature 21 (E1, E2, E3, E4) in the expected 
signature storage register 2 are selected by input selectors 
SELI, SELZ, SEL3, and SELA composed of 2-input multi 
plexers as input selecting means, respectively. The outputs 
of the input selectors SELl, SEL2, SEL3, and SEIA are 
connected to the second inputs of the above 2-input 
exclusive-OR gates XOR1 to XOR4, respectively. To the 
?rst inputs of the 2-input exclusive-OR gates XOR2 to 
XOR4 except the 2-input exclusive-OR gate XOR1 placed 
in the stage previous to the first-stage register S1 are 
connected the outputs of the registers S1 to S4 in their 
previous stages, respectively. 
On the other hand. to the ?rst input of the 2-input 

exclusive-OR gate XOR1 connected to the input of the 
?rst-stage register S1 is connected the output of the feedback 
information selector SELO as the feedback information 
selecting means. The feedback information selector SELO 
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selects either one of the output from the ?nal-stage register 
S4 and the output from the above 2-input exclusive-OR gate 
(feedback information generating means) XORO, based on 
the test control signal 12 and outputs the selected one. 

The above input selectors SELl to SEIA are also con 
trolled by the test control signal 12 outputted from the 
control circuit 10. If the test control signal 12 is “0,” the 
input selectors SELI to SELA select the read data 31 (I1, I2, 
I3, I4), respectively, while the feedback information selector 
SELO selects the feedback information. If the test control 
signal 12 is “1,” the input selectors SELl to SEL4 select the 
expected signature 21 (E1, E2, E3, E4), respectively, while 
the feedback infonnation selector SELO selects the output 
from the ?nal-stage register S4. 
The above feedback information selector SELO and the 

four input selectors SELl to SEIA constitute an information 
collecting means 18 for supplying the compressed signature 
obtained through compression by the parallel-input LFSR 1 
and the expected signature stored in the expected signature 
storage register 2 to the four 2-input exclusive-OR gates 
XORl to XOR4 (originally provided calculating circuits) of 
the parallel-input LFSR 1. 
The diagnostic register 7 receives the outputs 11 from the 

2-input exclusive-OR gates XORl to XOR4, the test control 
signal 12, and the clock 13, stores the result of testing the 
memory at the completion thereof by using the test control 
signal 12 as a write enable signal, and outputs its content. 
The normal/abnormal judging circuit 8 also receives the 

outputs 11 from the 2-input exclusive-OR gates XORl to 
XOR4, judges whether or not the memory is normal at the 
completion of testing the memory, and outputs the memory 
normal/abnormal judgement result 81. 

FIG. 3 is a timing chart illustrating the comparison 
between the compressed signature and the expected signa 
ture and the normal/abnormal judgment, which are carried 
out by the parallel-input LFSR 1 in the embodiment of the 
present invention. 

Referring to FIGS. 1 to 3, a description will be given 
below to the test circuit of an integrated semiconductor 
device thus constituted. For simplicity, it is assumed in the 
following description that the memory under test (not 
shown) is of 32-word con?guration and that each word 
consists of 4 bits. 

The present embodiment is greatly di?’erent from the prior 
art in that the production of the compressed value and the 
comparison between the obtained compressed value 
(obtained signature) and the expected compressed value 
(expected signature) are carried out by using the same 
parallel-input LFSR 1. 

Below, a description will be given to the production of the 
compressed value and comparison between the obtained 
compressed value and the expected compressed value in the 
test circuit. For simplicity, it is assumed that data has already 
been written in the memory. 

The following table shows the contents of the registers S1 
to S4 in a speci?ed initial value (1010) of the parallel-input 
LFSR 1 and in the data read from the memory in the 
individual cycles of information compression. In the values 
of the registers S1 to S4, the alphanumericals enclosed in 
parentheses are hexadecimal representations. The content 
0011 (corresponding to 3 in hexadecimal notation) of the 
registers S1 to S4 in the 32nd cycle, which is the ?nal cycle 
of information compression, indicates the obtained signature 
from the sequential inputs. 
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INPUTI'ED 
CYCLE DATA CONTENT OF 

(rNr'rrAL VALUE LFSR (hex) 
OF LFSR) 1010 (A) sEE REMARKS 

1 1111 0010 (2) INFORMATION 
2 0111 1110 (E) COMPRESSION 
a 1011 0100 (4) CYCLE 
4 0101 0111 (7) 
s 1110 1101 (D) 
6 0011 1101 (D) 
7 1111 0001 (1) 
8 0101 1101 (D) 
9 1011 0101 (s) 
10 0110 1100 (c) 
11 1111 1001 (9) 
12 0001 1101 (D) 
13 1111 0001 (1) 
14 0111 1111 (F) 
15 1010 1101 (D) 
16 0101 1011 (B) 
17 1111 1010 (A) 
18 0011 1110 (E) 
19 1111 0000 (0) 
20 0100 0100 (4) 
21 1011 1001 (9) 
22 0111 1011 (B) 
23 1111 1010 (A) 
24 0001 1100 (c) 
25 1110 1000 (s) 
26 0111 0011 (a) 
27 1011 1010 (A) 
28 0101 1000 (s) 
29 1111 1011 (B) 
30 0010 0111 (7) 
31 1111 1100 (c) 
32 0101 0011 (3) 
33 1001 0000 (0) JUDGMENT 

CYCLE 

In the foregoing table, the contents of the inputted data 
(data read from the memory) and of the registers S1 to S4 are 
written in the order of I1, I2, I3, I4/S1, S2, S3, S4 from left 
to right. 

First, in the test initiation cycle, the ?rst address 61 read 
from the memory is supplied so as to initiate the reading of 
data from the memory. The read data 1111 (F in hexadecimal 
notation) is stored in the register 3 for storing read data and 
then outputted to the parallel-input LFSR 1. In parallel with 
that, an initial value (in this example, 1010 corresponding to 
A in hexadecimal notation) is set in the parallel-input LFSR 
1. Subsequently, in the ?rst cycle of compression, the test 
control signal 12 is “0,” which indicates that the input 
selectors have selected the read data 31 (11, I2, I3, 14) and 
that the feedback information selector SELO has selected the 
feedback information. In this case, the read data 1111 is 
selected by the input selectors SELI to SELA and com 
pressed by the parallel-input LFSR 1. The compressed value 
becomes 0010 (2 in hexadecimal notation). In this cycle 
also, the address 61 newly read from the memory is 
supplied, which indicates that data is being read from the 
memory. The read data 0111 (7 in hexadecimal notation) is 
stored in the register 3 for storing read data and then 
outputted to the parallel-input LFSR 1. 

Similarly, in the second cycle of compression, the read 
data 0111 is selected by the input selector SELl to SEL4 and 
compressed by the parallel-input LFSR 1. In this case, the 
compressed value is 1110 (E in hexadecimal notation). In 
this cycle also, the address 61 newly read from the memory 
is supplied, which indicates that sequential sets of data are 
being read from the memory. The read data 1011 (B in 
hexadecimal notation) is stored in the register 3 for storing 
read data and outputted to the parallel-input LFSR 1. In the 
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1st to 32nd cycles, only read addresses to the memory are 
di?erent and the same operation is performed If all the sets 
of data read from the memory are proper, the obtained 
signature can be provided in the 32nd cycle of compression, 
which is 0011 (3 in hexadecimal notation). 
When the compression cycles were completed (up to the 

32nd cycle), the 33rd cycle serves as the judgment cycle. 
Since the test control signal 12 became 1 in synchronization 
with an inverted clock in the previous cycle (the ?nal cycle 
of compression), the input selectors SELl to SEL4 select the 
expected signature 21 (E1, E2, E3, E4). While the feedback 
information selector SELO selects the output from the ?nal 
stage register S4. That is. in the judgment cycle, the outputs 
from the registers in the previous stages (the ?nal-stage 
register S4 for the ?rst-stage register S1) are supplied to the 
?rst inputs of all the 2-input exclusive-OR gates XOR1 to 
XOR4, while the expected signature 21 (E1, E2, E4, E4) is 
supplied to the second inputs thereof, so that the exclusive 
OR operation (comparison) is carried out between each of 
the values stored in the registers S1 to S4 in respective stages 
and the expected signature 21 stored in the expected signa 
ture storage register 2. 

However, since the expected signature En and the output 
from the previous-stage register (Sn-1) (the ?nal stage if n 
=1) are inputted to the 2-input exclusive-OR gate XORn 
which is connected to the input of the n-stage (n=l to 4) 
register Sn, data obtained by rotating the expected signature 
0011 (3 in hexadecimal notation) to the right by 1 bit (or by 
rotating the expected signature 0011 to the left by 3 bits) is 
stored in the expected signature storage register 2. The data 
stored in the present embodiment is 1001 (9 in hexadecimal 
notation). 

Hence, if there is a match between the corresponding bits 
of the compressed signature and of the expected signature, 
“0” is outputted from each of the above 2-input exclusive 
OR gates XOR1 to XOR4. If there is no match 
therebetween, “1” is outputted from each of the above 
2-input exclusive-OR gates XOR1 to XOR4, so that the 
result of comparison is stored in the subsequent registers. 
The result of comparison is inputted as the outputs 11 from 
the 2-input exclusive-OR gates XOR1 to XOR4 to the 
diagnostic register 7. and to the normal/abnormal judging 
circuit 8. 
The diagnostic register 7 stores, using the test control 

signal 12 as the write enable signal, the outputs 11 from the 
2-input exclusive-OR gates XOR1 to XOR4 in the current 
comparison/judgment cycle as the result of judgment and 
outputs it to the output 71. The normal/abnormal judging 
circuit 8 outputs “1” indicating that the memory is normal if 
all the outputs 11 from the 2-input exclusive-OR gates have 
the value of 0 in the comparison/judgment cycle. On the 
other hand, the normal/abnonnal judging circuit 8 outputs 
“0” indicating that the memory is not normal if at least one 
of the outputs from the 2-input exclusive-OR gates has the 
value of 1. The normal/abnormal judging circuit 8 can be 
implemented by a 4-input NOR gate which receives the 
outputs 11 from the 2-input exclusive-OR gates. However, 
since all the outputs 11 from the 2-input exclusive-OR gates, 
i.e., all the registers in respective stages have the value of 0 
in the 19th cycle of compression as shown in Table 1, the 
result 81 of judging the normality or abnormality of the 
memory is valid only in the comparison/judgement cycle. 

Thus, in contrast to the prior art which compares the 
obtained compressed value with the expected compressed 
value by means of an ALU and hence requires complicated 
control using a microprogram, the present embodiment can 
compare the compressed signature with the expected signa 
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10 
ture by means of the parallel-input LFSR 1, which also 
compressed data, by simply supplying the test control signal 
in the comparison/judgment cycle. Consequently, there is no 
need for providing an additional comparator for performing 
comparison, so that a test circuit of a memory which can 
easily be mounted on a single chip can be implemented by 
merely providing additional hardware (feedback informa 
tion SELO and input selectors SELl to SEL4). 

Although the present embodiment has compressed data by 
inputting the output $1 from the register 3 for storing read 
data to the parallel-input LFSR 1, if a control signal and 
additional hardware is provided in the parallel-input LFSR 
1, the parallel-input LFSR 1 can be used as a register for 
storing read data in normal operation, while it can be used 
as a parallel-input LFSR in testing a memory, so that the 
number of hardware items can be reduced. 

Although the present embodiment has required the 
expected signature storage register 2 to store data obtained 
by rotating the expected signature to the right by 1 bit (or by 
rotating the expected signature to the left by 3 bits), the same 
eifect can be obtained if the input selectors SELl to SEL4 
are constituted as rotators which rotate the expected signa 
ture outputted from the expected signature storage memory 
2 to the right by 1 bit (or by rotating the expected signature 
to the left by 3 bits) without performing any operation with 
respect to the expected signature to be stored. 

Although the present embodiment has set the initial value 
of the parallel-input LFSR 1 to 1010 (A in hexadecimal 
notation), the value is not limited thereto. It can be set to any 
desired value. In this case, a test can be performed properly 
by storing the expected signature which corresponds to the 
initial value. 

Although the present embodiment has tested the memory 
by connecting the parallel-input LFSR 1 to the memory, an 
internal functional block can also be tested similarly by 
connecting the output of the internal functional block to the 
parallel LFSR 1, supplying the same sequential inputs as 
supplied in obtaining the expected compressed value, com 
pres sing the sequential outputs corresponding to the sequen 
tial inputs, and comparing the obtained compressed value 
with the expected compressed value. 

Second Embodiment 

Next, a description will be given to a second embodiment, 
speci?cally to a test circuit of a plurality of integrated 
semiconductor devices which are connected in common to a 
single data bus with reference to FIG. 4. 

FIG. 4 is a view showing the overall structure of the test 
circuit of an integrated semiconductor device in the second 
embodiment of the present invention. FIG. 4 is different 
from FIG. 1 in that: a data bus 14 is provided, which is 
connected directly, as the input to the parallel-input LFSR 
1a, to the second inputs of the 2-input exclusive-OR gates 
XOR1 to XOR4 without the interposition of the input 
selectors SELl to SELA shown in FIG. 1; to the data bus 14 
are connected ?rst second memories 9a and 9b as integrated 
semiconductor devices under test and the expected signature 
storage register 2; the memories 9a and 9b and expected 
signature storage register 2 are disposed output buffers 9d, 
9e, and 20, respectively, that the output buffers 9d, 9e, and 
2c output the respective contents of the memories 9a and 9b 
and expected signature storage register 2 to the above data 
bus 14; and a control circuit 10 outputs the test control signal 
12, while selectively controlling, based on a memory select 
ing signal inputted from the outside, the above output buffers 
9d, 9e, and 20 so that any one of them outputs data onto the 
data bus 14. The expected signature stored in the expected 
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signature storage register 2 has preliminarily been stored or 
otherwise inputted from the outside via the data bus 14. 

In other words, the input selecting means in the present 
embodiment is constituted by the control circuit 10 for 
controlling the output buffers 9d, 9e, and 2a which are 
provided in the memories 9a and 9b and expected signature 
storage register, not by the input selectors SELI to SEL4 of 
FIG. 1. All the components of the test circuit of FIG. 4 are 
disposed on the same substrate. 

Next, a description will be given to the compression of 
data, the comparison of the compressed value with the 
expected signature, and to the normal/abnormal judgment. 
For simplicity, it is assumed that the memories 9a and 9b 

are connected to the same data bus and have the same 
structure and the same capacity, as the data array of a 
two-way set associative cache memory. It is also assumed 
that the same data is written in the memories 9a and 9b and 
that the expected signature when the data is read in a 
speci?ed order is stored in the expected signature storage 
register 2. 

First, a parallel-input LFSR 1a is initialized (setting of 
initial value) and then data is read from the memory 90 and 
compressed. In the compression cycle for the ?rst memory 
9a, the control circuit 10 outputs an output enable signal to 
the data bus 14 so that the data read from the ?rst memory 
9a is outputted onto the data bus 14. The parallel-input 
LFSR 1a receives and compresses the data on the data bus 
14. The order of reading sets of data from the first memory 
9:: is the same as that of reading sets of data in obtaining the 
expected signature. The compression cycle is continued 
until the reading of all the words is completed. 
When the compression cycle for the ?rst memory 9a was 

completed, the parallel-input LFSR 1a obtains a desired 
signature. 
The process then goes on to the comparison/judgment 

cycle for the ?rst memory 9a. Since the test control signal 
12 became 1 in synchronization with the inverted clock in 
the latter part of the previous cycle (?nal cycle of 
compression), the feedback information selector SELO 
selects the output from the ?nal-stage register S4. The 
control circuit 10 outputs an output enable signal to the 
expected signature storage register 2 so that the expected 
signature is outputted onto the data bus 14. 
The data on the data bus 14 is supplied to the second 

inputs of the 2-input exclusive-OR logic gates XORl to 
XOR4 of the parallel-input LFSR 1a. In the 2-input 
exclusive-OR gates XORl to XOR4, the exclusive-OR 
operation (comparison) is carried out between each of the 
values stored in the registers S1 to S4 and the expected 
signature 21 stored in the expected signature storage 
memory 2, so that the result of comparison is outputted to 
the outputs 11 of the 2-input exclusive-OR gates XORl to 
XOR4 and then inputted to the diagnostic register 7 and to 
the normal/abnormal judging circuit 8. 
The diagnostic register 7 stores the outputs 11 from the 

2-input exclusive-OR gates XORl to XOR4, obtained in the 
comparison/judgment cycle, in a ?eld allocated to the result 
of judging the ?rst memory 9a and then outputs it to the 
output 71. 

If all the outputs 11 from the 2-input exclusive-OR logic 
gates XORl to XOR4 have the value of 0 in the judgment 
cycle, the normal/abnormal judging circuit 8 outputs “1” 
indicating that the ?rst memory 9a is normal. If at least one 
of the outputs 11 has the value of O, the normal/abnormal 
judging circuit 8 outputs “0” indicating that the ?rst memory 
9a is not normal. 
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12 
Next, data is read from the second memory 9b so that the 

read data is compressed. In this case also, it is necessary to 
initialize the parallel-input LFSR 1a, similarly to the case 
with the ?rst memory 9a. Subsequently, data is read from the 
second memory 9b so that the read data is compressed. The 
compression cycle for the second memory 9b is dilferent 
from that for the ?rst memory 9a only in that the control 
circuit 10 outputs the output enable signal to the second 
memory 9b so that the data read from the second memory 9b 
is outputted onto the data bus 14. The order of reading data 
from the second memory 9b, which is indicated by the 
address 62, is the same as that of reading data from the ?rst 
memory 9a. If the memories 9a and 9b are normal, the same 
data is read therefrom. 

The parallel-input LFSR 1a receives and compresses data 
on the data bus 14. The compression cycle is continued until 
the reading of all the words is completed. 
When the compression cycle for the second memory 9b 

was completed, the parallel-input LFSR 1a obtains a desired 
signature. Here, since the same data is written in the ?rst and 
second memories 9a and 9b and the order of reading data 
therefrom is the same, if proper data has been read, it follows 
that the same signature is obtained for the memories 9a and 
9b. 

The process then goes on to the comparison/judgment 
cycle for the second memory 9b. Since the test control signal 
12 became l in synchronization with the inverted clock in 
the latter part of the previous cycle (?nal cycle of - 
compression) and the expected signature 21 outputted from 
the output signature storage register 2 is supplied to the data 
bus 14 and inputted to the parallel-input LFSR 1a, similarly 
to the case with the ?rst memory 9a, the compressed 
signature is compared with the expected signature 21. 
The diagnostic register 7 stores the outputs 11 from the 

2-input exclusive-OR logic gates XORl to XOR4 in the 
comparison/judgment cycle in the ?eld allocated to the 
result of judging whether or not the second memory 9b is 
normal and outputs its content to the output 71. 

If all the outputs 11 from the 2-input exclusive-OR gates 
XORl to XOR4 have the value of 0 in the judgment cycle, 
the normal/abnormal judging circuit 8 outputs “1” indicating 
that the second memory 9b is normal, similarly to ‘the case 
with the ?rst memory 9a. If at least one of the outputs 11 has 
the value of 0, the second memory 9b outputs “0” indicating 
that the second memory 9b is not normal. 

Thus, by executing the cycle of data compression and the 
cycle of comparison/judgment with respect to each of the 
memories 9a and 9b, tests can be performed with respect to 
the ?rst and second memories 9a and 9b connected in 
common to the single data bus 14. 

Although it has been assumed that the memories 9a and 
9b have the same structure and the same memory capacity, 
they may have di?’erent memory capacities or different sets 
of data may be written therein. Moreover, two or more 
memories may be connected to the data bus 14. In these 
cases, since signatures obtained by compressing data for the 
individual memories are different from each other, tests can 
be performed on the memories of di?’erent structures which 
are connected to the data bus if the expected signatures 
corresponding to the individual memories are provided or if 
the signatures are obtained by reading data from all the 
memories and compared with the expected signature. In the 
case where the expected signature storage register 2 stores a 
plurality of expected signature, it becomes necessary to 
input the addresses (not shown) outputted from the control 
circuit 10 to the storage register 2. 
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Third Embodiment 

FIG. 5 shows a test circuit of an integrated semiconductor 
device according to a third embodiment of the present 
invention. In the present embodiment, two data buses are 
provided so that a single or a plurality of integrated semi 
conductor devices, speci?cally calculators (internal func 
tional blocks) or memories, are connected to each of the data 
buses. Below, a description will be given to the structure of 
the test circuit of FIG. 5. The description of the same 
components as used in the test circuit of FIG. 4 will be 
omitted by providing the same reference numerals. A 
description will be given only to new components. 

In FIG. 5, reference numerals 14a and 14b designate data 
buses. The ?rst inputs of the 2-input exclusive-OR gates 

10 

14 
at their intended addresses, while controlling the expected 
signature storage register 212 connected to the data bus 14b 
so that the expected signature for the memory 9a to be stored 
in the expected signature storage register 2b is stored at an 
intended address. All the components of the test circuit of 
FIG. 5 are disposed on the same substrate. 

With the above structure, if the ?rst memory 9a is to be 
tested by the test circuit of FIG. 5, the individual bits of 4-bit 
data read from the ?rst memory 9a are inputted to the ?rst 
inputs of the 2-input exclusive-OR gates XOR1 to XOR4 of 
the parallel-input LFSR 10 via the data bus 14a, while the 
individual outputs from the three registers S1 to S3 except 
the ?nal-stage register S4 and the output from the feedback 

. 15 information selector SELO, i.e., the internal information of 
XOR1 to XOR4 of thc “Kauai-Input LFSR 1c are connected the parallel-input LFSR 1c. are inputted to the second inputs 
to the data bus 14a, while the second inputs thereof are . . 

of the excluslve-OR gates XOR1 to XOR4 1n the subsequent 
connected to the data bus 14b. The outputs of the three Sta evia the data bus 14b thercb enablin co ression of 
registers S1 to S3 except the ?nal-stage register S4 of the dag ’ y g mp 
parallel-input LFSR 1c and the output of the feedback ‘ 
information selector SELt) are connected to the above two 20 FIG. 6 is a timing chart illustrating the comparison 
data buses 14a and 14b via the output buffers 1d, 1e, 1f, 1g, between the compressed signature and the expected signa 
lh, 1i, and 1k. To the above data bus 14a are connected: the ture and the normal/abnormal judgment performed by the 
?rst memory 9a as a memory under test; a calculator parallel-input LFSR 1c in the present embodiment. Below, a 
(internal functional block) 17 as an integrated semiconduc- description will be given to the tests on the memories 
tor device under test, such as a multiplier or an adder; and 25 performed by the test circuit of FIG. 5 with reference to 
an expected signature storage register 2a. To the data bus FIGS. 5 and 6. To simplify the description, it is assumed that 
14b are similarly connected: the second memory 912 as an the ?rst and second memories 9a and 9b have the same 
integrated semiconductor device under test; andan expected structure, the same memory capacity, and the same data 
signature storage register 2b. The expected signature storage written therein. The control signals outputted from the 
registers 2a and 2b have the output bu?ers 2e and 2d, 30 control circuit 10 to the memories 9a and 9b, to the expected 
respectively. The control circuit 10 controls the output signature storage registers 2a and 2b, and to the parallel 
buffers 1d to 1k, 2d, 2e, 9d, and 9e so that only one set of input LFSR 1c in the test initiation cycle, in the compression 
data can be outputted onto each of the data buses 14a and cycle, and in the comparison/judgment cycle are shown in 
1412, while outputting the test control signal 12. The control the following table. 

TABLE 2 

SIGNAL T0 SIGNAL TO 
OUTPUT BUFFER OUTPUT BUFFER 

SIGNAL T0 SIGNAL TO SIGNAL TO SIGNAL TO 2e OF FIRST 2d OF SECOND 
OUTPUT OUTPUT OUTPUT OUTPUT EXPECTED EIQECTED 
BUFFER BUFFER BUFFER BUFFER SIGNATURE SIGNATURE 

id to lg OF 111 to 11: OF 9e OF FIRST 9d OF SECOND STORAGE STORAGE 
LFSR 1c LFSR 1c MEMORY 9a MEMORY 9b REGISTER 2 REGISTER 2 

TEST 1 0 1 o o 0 
INIITATION 
CYCLE FOR 
MEMORY 9a 
COMPRESSION 1 o l 0 o 0 
CYCLE FOR 
MEMORY 9a 
COMPARISON 1 0 0 o 1 o 
CYCLE FOR 
MEMORY 9a 
TEST 0 1 o 1 o o 
INTI‘IATION 
CYCLE FOR 
MEMORY 9b 
COMPRESSION o 1 o 1 o o 
CYCLE FOR 
MEMORY 9b 
COMPARISON o 1 o o 0 1 
CYCLE FOR 
MEMORY 9b 

circuit 10 also controls the expected signature storage reg 
ister 2a connected to the data bus 14b so that two expected 

First, the parallel-input LFSR 1c is initialized, i.e., an 
initial value is set. Subsequently, in the compression cycle 

signatures to be stored in the expected signature storage 65 for the data from the ?rst memory 9a, the control circuit 10 
register 2a, i.e., the expected signature for the memory 9a 
and the expected signature for the calculator 17, are stored 

outputs the output enable signal to the output buffer 9e of the 
?rst memory 9a, so that the data read from the first memory 
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9a is outputted onto the data bus 14a. On the other hand, the 
control circuit 10 outputs the output enable signal to the four 
output bu?ers 1d to 1g of the parallel-input LFSR 10, so that 
the internal information of the parallel-input LFSR 1c, i.e., 
the outputs from the registers S1 to S3 and the output from 
the feedback information selector SELO are outputted onto 
the data bus 14b. Since the test control signal 12 is “0” in the 
test initiation cycle and in the compression cycle, which 
indicates that the feedback information selector SELO has 
selected the output from the 2-input exclusive-OR gate 
XORO as the feedback information in the above parallel 
input LFSR 1c, the output from the 2-input exclusive-OR 
gate XORO is inputted to the ?rst bit on the data bus 14b, 
While the outputs from the registers 81, S2, and S3 are 
inputted to the second, third, and fourth bits thereon, respec 
tively. 
The ?rst inputs of the 2-input exclusive-OR gates XOR1 

to XOR4 of the parallel-input LFSR 10 receive sets of data 
on the data bus 14a, i.e., sees of data Ibl to M read from 
the ?rst memory 9a, while the second inputs thereof receive 
data on the data bus 14b, i.e., the internal information of the 
parallel-input input LFSR 10, so that the exclusive-OR 
operation is performed therebetween in the exclusive-OR 
gates XOR1 to XOR4. The individual results of the opera 
tion are stored in the registers S1 to S4, respectively, in 
synchronization with the clock 13. In this manner, the data 
read from the ?rst memory 9a is compressed. 
The order of reading the sets of data from the ?rst memory 

9a is the same as that of reading the sets of data in obtaining 
the expected signature. The compression cycle is continued 
until all the sets of data are read from the ?rst memory 9a. 
When the reading and compression of the ?nal set of data 
was completed, the parallel-input LFSR 1c obtains a desired 
compressed signature. 

Next, in the comparison/judgment cycle in which the 
compressed signature is compared with the expected signa 
ture for the ?rst memory 9a, since the test control signal 12 
became 1 in synchronization with the inverted clock in the 
latter part of the ?nal cycle of compression, it follows that 
the feedback information selector SELO has selected the 
output ?om the ?nal-stage register S4. Consequently, the 
parallel-input LFSR 1c outputs the outputs from the registers 
S1 to S4 in respective stages, i.e., the compressed signature 
obtained, onto the data bus 14b. On the other hand, since the 
control circuit 10 outputs the output enable signal to the 
expected signature storage register 2a, the expected signa 
ture stored in the expected signature storage register 2a is 
outputted onto the data bus 14a. 

The ?rst inputs of the 2-input exclusive-OR gates XOR1 
to XOR4 of the parallel-input LFSR 10 receive data on the 
data bus 14a, i.e., the expected signature, while the second 
inputs thereof receive data on the data bus 14b, i.e., the 
compressed signature, so that the exclusive-OR operation 
therebetween is carried out at each of the exclusive-OR 
gates XOR1 to XOR4. The individual results of the opera 
tion are outputted to the respective outputs 11 of the 
exclusive-OR gates XOR1 to XOR4 and then inputted to the 
diagnostic register 7 and to the normal/abnon'nal judging 
circuit 8. 

The above diagnostic register 7 stores the respective 
outputs 11 from the 2-input exclusive-OR gates XOR1 to 
XOR4 obtained in the above comparison/judgment cycle in 
the ?eld allocated as a place for storing the result of judging 
the ?rst memory 9a, while outputting the result of judgment 
to the outside. If all the outputs 11 from the 2-input 
exclusive-OR gates XOR1 to XOR4 obtained in the above 
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comparison/judgment cycle have the value of O, the normal/ 
abnormal judging circuit 8 outputs “1,” indicating that the 
?rst memory 9a is normal. If at least one of the outputs 11 
has the value of 1, the normal/abnormal judging circuit 8 
outputs “0,” indicating that the ?rst memory 9a is not 
normal. 

After that, sets of data Ial to Ia4 are read from the second 
memory 9b so that the read data is compressed and the 
resulting compressed signature is compared with the 
expected signature for judgment. Since these procedures are 
the same as those performed in the test on the above ?rst 
memory 9a, the description thereof will be omitted. 

Although the present embodiment has assumed that the 
two memories 90 and 9b had the same structure and the 
same capacity in the description given thus far, the two 
memories 9a and 9b may have different capacities and 
different sets of data written therein. It is also possible to 
connect a plurality of memories to each of the data bus 14a 
and 14b. In the case where diiferent sets of data are written 
in the memories, ditferent expected signatures are stored in 
the expected signature storage registers 2a and 2b corre 
sponding to the memories. In the case where a plurality of 
expected signatures are stored in each of the expected 
signature storage registers 2a and 2b, the control circuit 10 
should generate an address signal for selecting among the 
expected signatures so that the signal is inputted to the 
expected signature storage registers 20 and 2b. In the case 
where only one expected signature storage register is 
provided, sequential sets of data are read from the plurality 
of memories provided, so that the compressed signature of 
the sequential outputs is obtained and that the resulting 
compressed signature is compared with the expected signa 
ture. 

Next, a description will be given to the characteristic of 
the present embodiment. In testing the ?rst memory 9a in the 
present embodiment, e.g., “1101,” “1001,” “1111,” “0010,” 
. . . , which are the internal information of the parallel-input 

LFSR 1c (i.e., different sets of data for di?’erent cycles), are 
sequentially outputted to the data bus 14b, starting from the 
test initiation cycle, so that the sets of data are sequentially 
written in the second memory 9b connected to the above 
data bus 14b (in testing the second memory 9b, on the other 
hand, the sets of internal information of the parallel-input 
LFSR 1c are sequentially written in the ?rst memory 9a via 
the data bus 14a, while they are inputted as operands to the 
calculator 17. Therefore, it is not necessary to connect, to the 
data bus 14b, the data generating means for Writing data in 
the second memory 9b prior to testing the second memory 
9b. Since it is assumed in the present embodiment that the 
?rst and second memories 9a and 9b have the same structure 
and the same capacity, data can be written in the second 
memory 9b, while the data read from the ?rst memory 9a is 
compressed simultaneously. 

In addition to the tests performed on the ?rst and second 
memories 9a and 9b using the parallel-input LFSR 10, if the 
memories 9a and 9b have the same capacity and the same 
data written at the addresses corresponding to each other, the 
data stored in the ?rst memory 9a and the data stored in the 
second memory 9b is inputted to the 2-input exclusive-OR 
gates XOR1 to XOR4 of the parallel-input LFSR 10 via the 
respective data buses 14a and 14b, so that the two sets of 
data inputted above are compared at the 2-input exclusive 
gates XOR1 to XOR4. If there is a match between the two 
sets of data as a result of comparison, it follows that all the 
outputs 11 from the 2-input exclusive-OR gates XOR1 to 
XOR4 have the value of 1. Consequently, the normal/ 
abnormal judging circuit 8 outputs “l,” which indicates that 
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each of the memories 9a and 9b is normal. If there is a 
mismatch between the two sets of data, it follows that at least 
one of the outputs 11 from the 2-input exclusive-OR gates 
XORl to XOR4 has the value of 1. Consequently, the 
normal/abnormal judging circuit 8 outputs “0,” which indi 
cates that either of the memories 9a and 9b is not normal or 
that each of the memories 9a and 9b is not normal. Thus, the 
memories 9a and 9b are judged to be normal or not based on 
the value of the output from the normal] abnormal judging 
circuit 8. Therefore, it is possible to test the two memories 
9a and 9b for normality by separately reading data from the 
memory 9a and data from the memory 9b at the same time 
and by comparing the two sets of read data with each other 
at the 2-input exclusive-OR gates XORl to XOR4 of the 
parallel-input LFSR 10. 

Fourth Embodiment 

A description will be given next to a fourth embodiment 
of the present invention. Brie?y, the present embodiment is 
constituted so that the result of comparison/judgment is 
outputted to the outside by providing a parallel-input LFSR 
with additional hardware. FIG. 7 is a view showing the 
entire test circuit of an integrated semiconductor device in 
the fourth embodiment. 
The fourth embodiment is ditferent from the above second 

embodiment shown in FIG. 4 in that, to connect the parallel 
input LFSR 1b to a scan path in the chip, the feedback 
information selector (feedback information generating 
means) SELO is composed of a 3-input selector so that a 
scan-in signal 15, in addition to the output from the ?nal 
stage register S4 and to the output from the 2-input 
exclusive-OR gate (feedback information generating means) 
XORO, is inputted thereto, while the output from the 
?nal-stage register S4 is connected as a scan-out signal 16 to 
the scan path. The fourth embodiment is also different from 
the second embodiment in that a zero output circuit 9c is 
provided as a zero output means for supplying “0” as parallel 
data to each of the registers S1 to S4 of the parallel-input 
LFSR 1b and an output buffer 9f is disposed in the zero 
output circuit 90 so that the output from the zero output 
circuit 90 to the data bus 14 is controlled by the control 
circuit 10. 

Accordingly, in the scanning operation of the present 
embodiment, the zero output circuit 90 outputs “0” to the 
data bus 14 so that the value of 0 is supplied to the second 
inputs of the 2-input exclusive-OR gates XORl to XOR4. 
As a result, the values of the registers S1 to S4 in the 
previous stages are shifted to the right by 1 bit in step with 
the clock, so that the result of comparison by the parallel 
input LFSR 1b is outputted as the scan-out signal. Hence, the 
result of comparison can be observed outside the chip. 
Not only in the case of scanning out the result of 

comparison, but also in the scanning operation, sequential 
signals supplied as the scan-in signals are selected by the 
3-input selector SELO and successively stored in the 
parallel-input LFSR 1b in step with the clock. Consequently, 
the initial value (seed) in data compression is designated as 
the scan-in signal so that the scan-in signal is scanned in at 
the initiation of testing the integrated semiconductor device. 
If the plurality of memories to be tested have different 
capacities or if di?erent sets of data are written in the 
memories having the same capacity, an initial value from 
which the same compressed signature can be obtained is 
preliminarily obtained so that it is scanned in to each 
memory to be tested Therefore, it is possible for all the 
memories to diagnose themselves with only one expected 
signature. 
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18 
Thus, in the present embodiment, the single parallel-input 

LFSR can implement the functions of compressing sequen 
tial outputs, comparing the compressed value with the 
expected value, and operating as a scan (shift) register. 

Although the Z-input exclusive-OR gates XORl, XOR2, 
XOR3, and XOR4 have outputted the signals 11 to the 
diagnostic register 7 and to the normal/abnormal judging 
circuit 8, it is also possible to perform shifting operation in 
the comparison/judgment cycle, instead In this case, the 
outputs from the 2-input exclusive-OR gates indicating the 
result of comparison are stored in the registers in respective 
stages so that the outputs from the registers are stored as the 
result of normal/abnormal judgment in the diagnostic reg 
ister 7. As for the normal/abnormal judging circuit 8, it 
outputs “1” indicating that the memory is normal if all the 
outputs 11 from the registers in respective stages have the 
value of 0, while it outputs “0” indicating that the memory 
is not normal if at least one of the outputs 11 has the value 
of 1, thereby properly judging whether or not the memory is 
normal. 

The present invention is not limited to the above 
embodiments, either. That is, in testing a memory, if sets of 
data are ?xed and the order of reading the sets of data is 
always the same as in a ROM or PLA, the expected signature 
is uniquely determined Even in a ROM, if the order of 
writing sets of data therein and reading the sets of data 
therefrom for a test is always the same, the expected 
signature is also uniquely determined. Even in a program 
mable ROM or PLA, a test with the test circuit can be 
performed by rewriting the expected signature as well in 
programming. Although the parallel-input LFSR is disposed 
on the same chip as the memory under test, it will be 
appreciated that the con?guration is not limited thereto. 
We claim: 
1. A test circuit for testing an integrated semiconductor 

device, said test circuit comprising: 
means for storing an expected compressed value; 
a calculating circuit for compressing sequential sets of 

parallel data and obtaining a compressed value and 
also, for comparing said expected compressed value 
with a compressed value obtained from said sequential 
sets of parallel data; 

an information collecting means for supplying, to said 
calculating circuit, sequential sets of parallel data 
obtained from an integrated semiconductor device 
under test and for supplying to said calculating circuit 
the compressed valued obtained by said calculating 
means and the expected compressed value stored in 
said expected compressed value storing means, 

wherein said calculating circuit functions as a comparing 
means for comparing said obtained compressed value 
with the expected compressed value, and also for 
compressing data from said integrated semiconductor 
device under test during a normal operation of the’ 
integrated semiconductor device. 

2. The test circuit according to claim 1, 
wherein said calculating circuit and said information 

collecting means form a parallel-input linear feedback 
shift register. 

3. The test circuit according to claim 2, 
wherein the parallel-input linear feedback shift register 

comprises: 
a plurality of registers; 
a plurality of 2-input exclusive-OR gates placed in the 

stages previous to said respective registers; and 
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a feedback information generating means for generating 
feedback information from the output of the register in 
the ?nal stage and from the output of the register in a 
speci?ed middle stage, each of said registers receiving 
the output from the 2-input exclusive-OR gate in its 
previous stage, the ?rst input of each of the 2-input 
exclusive-OR gates except the 2-input exclusive-OR 
gate placed in the stage previous to the register in the 
?rst stage being supplied with the output from the 
register in its previous stage, the ?rst input of the 
2-input exclusive-OR gate placed in the stage previous 
to the register in the ?rst stage being supplied with the 
output from a feedback information selecting means, 

the calculating circuit is composed of the plurality of 
2-input exclusive-OR gates provided in said parallel 
input linear feedback shift register, 

the information collecting means consists of: 
a feedback information selecting means for selecting, 

based on a control signal, either the output from the 
feedback information generating means or the output 
from the register in the ?nal stage of said parallel 
input linear feedback shift register; and 

an input selecting means for selecting, based on the 
control signal, either the parallel data or the expected 
compressed value stored in the expected compressed 
value storing means as data to be supplied to the 
second input of each of the registers of said parallel 
input linear feedback shift register. 

4. The test circuit according to claim 1, 2, or 3, 
wherein the integrated semiconductor device to be tested 

is a memory. 
5. The test circuit according to claim 1, 2, or 3, 
wherein the integrated semiconductor device to be tested 

is an internal functional block. 
6. The test circuit according to claim 3, 
wherein the input selecting means is composed of a 

2-input multiplexer. 
7. The test circuit according to claim 3, 
further comprising a single data bus, 
wherein each of the 2-input exclusive-OR gates of the 

parallel-input linear feedback shift register is connected 
directly to said data bus, while the integrated semicon 
ductor device and the expected compressed value stor 
ing means are connected to said data bus via their 
respective output buffers, and 

the input selecting means is comprised of a control circuit 
for controlling the respective output buffers of said 
integrated semiconductor device and of said expected 
compressed value storing means so that either one of 
the sets of data from said integrated semiconductor 
device and from said expected compressed value stor 
ing means is outputted to said data bus. 

8. The test circuit according to claim 7, 
wherein a plurality of integrated semiconductor devices 

are connected to the data bus. 
9. The test circuit according to claim 3 or 7, 
wherein based on the control signal, the input selecting 
means selects the parallel data from the integrated 
semiconductor device in a compression cycle for com 
pressing the parallel data from the integrated semicon 
ductor device, while it selects the expected compressed 
value from the expected compressed value storing 
means for comparing the obtained compressed value 
with the expected compressed value for judging inte 
grated semiconductor device. 

10. The test circuit according to claim 3, 
wherein the expected compressed value storing means 

preliminarily rotates the expected compressed value by 
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1 bit in the shifting direction of the parallel-input linear 
feedback shift register and then stores it. 

11. The test circuit according to claim 3, 
further comprising a single data bus, 
wherein the parallel-input linear feedback shift register 

comprises an output buffer for connecting the outputs 
from the individual registers and the output from the 
feedback information selecting means to said data bus 
so that the ?rst input of each of the 2-input exclusive 
OR gates is connected directly to said data bus, that the 
?rst input of each of the 2-input exclusive-OR gates 
except the 2-input exclusive-OR gate placed in the 
stage previous to the register in the ?rst stage is 
supplied with the output from the register in its previ 
ous stage via said output buifer and via said data bus, 
and that the ?rst input of the 2-input exclusive-OR gate 
placed in the stage previous to the register in the ?rst 
stage is supplied with the output from said feedback 
information selecting means via said output bu?er and 
via said data bus. 

12. The test circuit according to claim 11, 
further comprising an additional data bus, 
wherein the parallel input linear feedback shift register 

comprises an additional output buifer for connecting 
the outputs from the individual registers and the output 
from the feedback information selecting means to said 
additional data bus so that the second input of each of 
the 2-input exclusive-OR gates is connected directly to 
said data bus, that the second input of each of the 
2-input exclusive-OR gates except the 2-input 
exclusive-OR gate placed in the stage previous to the 
register in the ?rst stage is supplied with the output 
from the register in its previous stage via said addi 
tional output bu?er and said additional data bus, and 
that the second input of the 2-input exclusive-OR gate 
placed in the stage previous to the register in the ?rst 
stage is supplied with the output from said feedback 
information selecting means via said additional output 
buffer and via said additional data bus. 

13. The test circuit according to claim 12, 
wherein the integrated semiconductor device and the 

expected compressed value storing means are con 
nected to each of the data bus and additional data bus, 

each of said integrated semiconductor devices and 
expected compressed value storing means is internally 
provided with an output buffer, and 

the input selecting means is composed of a control circuit 
for controlling the output buffers provided in said 
integrated semiconductor device and in the expected 
compressed value storing means, respectively, and the 
output buffers provided in said parallel-input linear 
feedback shift register so that either one of the two data 
buses is used for compression using the parallel-input 
linear feedback shift register, while data is outputted 
onto the other data bus from either one of the integrated 
semiconductor device and expected compressed value 
storing means which are connected to the other data 
bus. 

14. The test circuit according to claim 12, 
wherein the integrated semiconductor device is connected 

to each of the data bus and additional data bus, 
each of said integrated semiconductor devices is inter 

nally provided with an output buffer, 
the input selecting means is composed of a control circuit 

for controlling the output bu?iers provided in said 
integrated semiconductor devices, respectively, and the 
output buffers provided in said parallel-input linear 
feedback shift register so that a set of data is outputted 
onto one of the data buses from the integrated semi 
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conductor device connected to one of the data buses, 
while another set of data is outputted onto the other data 
bus from the integrated semiconductor device con 
nected to the other data bus, the two sets of data 
outputted onto said two data buses being compared 
with each other at the 2-input exclusive-OR gates of the 
parallel-input linear feedback shift register. 

15. The test circuit according to claim 3 or 7, further 
comprising, 

a normal/abnormal judging means for receiving, as its 
inputs, the outputs from the 2-input exclusive-OR gates 
of the parallel-input linear feedback shift register, judg 
ing whether or not the integrated semiconductor device 
is normal from the values of the inputs, and outputting 
the result of judgment 

16. The test circuit according to claim 3 or 7, further 
comprising, 

a diagnostic register for receiving, as its inputs, the 
outputs from the 2-input exclusive-OR gates of the 
parallel-input linear feedback shift register and storing 
the contents of the inputs, while outputting the contents 
of the inputs. 

17. The test circuit according to claim 7, 
wherein scan-in information is inputted to the feedback 

information selecting means, 
said feedback information selecting means selects said 

scan-in infonnation in scanning operation, and 
the output from the register in the ?nal stage of the 

parallel-input linear feedback shift register is connected 
as scan-out information to a scan path, 

said test circuit further comprising, 
a zero output means for supplying zero as the parallel data 

to each of the registers of said parallel-input linear 
feedback shift register in the scanning operation so that 
the outputs from all the registers of said parallel-input 
linear feedback shift register can be observed from the 
outside. 

18. The test circuit according to claim 14, further 
comprising, 

a normal/abnormal judging means for receiving the result 
of comparing the two sets of data at the 2-input 
exclusive-OR gates of the parallel-input linear feed 
back shift register, judging whether or not the two sets 
of data match, and outputting the result of judgment. 

19. A method for testing an integrated semiconductor 
device, comprising the steps of: 

repeatedly compressing sequential sets of parallel data by 
reading sequential sets of data from the integrated 
semiconductor device in accordance with the same 
sequential addresses as supplied in generating an 
expected compressed value that has previously been 
obtained, while inputting the sequential sets of read 
data in parallel to the individual registers of a parallel 
input linear feedback shift register, and shifting the sets 
of inputted data, so that the outputs from the individual 
registers at the time of compressing the ?nal set of 
parallel data are obtained as the compressed value of 
the parallel data; 

then supplying the ?rst input of a 2-input exclusive-OR 
gate placed in the stage previous to the register in the 
?rst stage with the output ?om the register in the ?nal 
stage and supplying the ?rst inputs of l-input 
exclusive-OR gates placed in the stages previous to the 
respective registers except the register in the ?rst stage 
with the outputs from the registers in their respective 
previous stages; 
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inputting the expected compressed value to the second 

input of each of the 2-input exclusive-OR gates of said 
parallel-input linear feedback shift register; and 

comparing the compressed value of the parallel data with 
the expected compressed value bit by bit correspond 
ingly at the 2-input exclusive-OR gates and judging, 
based on the result of comparison, whether or not the 
integrated semiconductor device under test is normal. 

20. The method of testing according to claim 19, 
wherein any one of a plurality of integrated semiconduc 

tor devices is connected to a single data bus via an 
output buffer, sequential sets of data are read from the 
connected integrated semiconductor device via said 
data bus, the sequential sets of read data are com 
pressed so as to obtain the compressed value, the 
obtained compressed value is compared with the 
expected compressed value, 

another one of the plurality of integrated semiconductor 
devices is connected to the data bus via the output 
buifer, sequential sets of data are read from the con 
nected integrated semiconductor device via said data 
bus, the sequential sets of read data are compressed so 
as to obtain the compressed value, and the obtained 
compressed value is compared with the expected com 
pressed value, 

said procedures being repeatedly performed until the 
testing of all the integrated semiconductor devices is 
completed. 

21. The method of testing according to claim 19, 
wherein while repeatedly compressing the sequential sets 

of data from the integrated semiconductor device by 
means of the parallel-input linear feedback shift 
register, each time the sequential sets of data are 
compressed, middle compression infonnation consist 
ing of the output from any one of the registers except 
the register in the ?nal stage of said parallel-input linear 
feedback shift register and of feedback information is 
stored or inputted, via a data bus, as test data for the 
integrated semiconductor device connected to the data 
bus. 

22. The method of testing according to claim 19, 
wherein an initial value is scanned in to the parallel-input 

linear feedback shift register before initiating a test. 
23. The method of testing according to claim 22, 
wherein the integrated semiconductor device to be tested 

is composed of a plurality of memories, 
said memories have different capacities and different data 

to be written or having been written therein, and 
the value to be scanned in to the parallel-input 

linear feedback shift register has been previously 
obtained so as to equalize the expected compressed 
values obtained by reading the respective sequential 
sets of data from said memories. 

24. The method of testing according to claim 22, 
wherein the integrated semiconductor device to be tested 

is composed of a plurality internal functional blocks, 
said internal functional blocks having different func 
tions or different sequential inputs to be supplied 
thereto, and 

the value to be scanned in to the parallel-input 
linear feedback shift register has been previously 
obtained so as to equalize the expected compressed 
values obtained from the respective outputs from the 
internal functional blocks corresponding to said respec 
tive sequential inputs. 

***** 
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